


guaponics = Aquaculture +
Hydroponics

- 1980i }E? zg-/ﬁ' \2 J‘ ?
= - }% }‘%, A f\.”';’ﬂUVI %{‘);E. Nitrites

/
> 2 L L
7} # &L o : NO2

Nitrosomonas Nitrospira




R IER A IR R

. oy WD
5, 000820, 000L/Kg2 P
2 5000375, 000L/Kg o # (£ 8 5 7 2
IRk & 7
100~L/Kg 4 ¢ (% %ﬁ% kEm)
P SRE A DR BRI SR SRR R = o3
}w ﬂjb °



A Media Beds B Floating Rafts

E Wicking Beds




Table 1. Advantages. disadvantages and nutrient uptake for different grow components in

aquaponics with regard to different practical and productivity aspects.

Media-Based Growing Bed DwcC NFT Soil
i : : - Constant water flow - Less
- Biofiltration: media serves :
e - Small sump infrastructure
as substrate for mtrifying - Constant
. tank needed: - Natural roots
bacteria [32]; water flow; _ )
. - Ease of maintenance  environment;
- Act as a solids - Small sump _ .
: : and cleaning; - Colonized by
Advantages filtering medium; tank needed: . ] -
e - Requure smaller broad nucroflora
- Mineralization in - Ease of .
) volume of water; and fungi [34];
grow bed; maintenance and : :
_ . _ - Light hydroponic - Accepted as
- Colonized by cleaning [33] : . . :
. mfrastructure, suits “organic way
a broad mucroflora ) T
well for roof farmung  of production’
- If flood and drain method:
sizing and reliability plus - Separate - Separate - Small control
g P biofilter needs biofilter needed; on the soil
large sump tank needed; _ . :
. to be added [32]; - Lower yields nutrient solution;
- Heavy hydroponic ) ] .
: - Requure large (showed for - Good soil
infrastructure; .
. volume of water; leftuce by) [32]; not available
Disadvant - Maintenance and H E : ;
isadvantages L - Heavy - Expensive everywhere;
g cleanmg difficult; ¥ be r}
: . hydroponic material; - More vulnerable
- Clogging leading to water .- : .
ham; line. inefficient infrastructure; - the system 1s for diseases:;
c eling inefficien . :
= - Device for less stable as - Lower basil and

biofiltration and inefficient

Nutrient uptake

, , roots aeration there is less okra yield than in
nutrient delivery to .
mandatory [35] water, aquapomnics [29]
plants [33]
- Lower

- High

- High

because smaller

root-water
contact area

- Lower




1slandé ames E Rakocy*+ 1980+ i 0
wxLe 3 Vﬁﬂ; > 3@/@’}% Fﬁ"? ’]% E *’” /%ﬁ%
2 J\%ﬁt.;rfv@ %o FEZ AR EED
B~ARPAES EEMAEE ¥ Afhe 155
RA o BAAE S FERAER I ES TS S

_‘,JA/-

RECETHEE > R0 AR F ARSI
EHAR LI HEARIR  FAFATLIEAE

187






UVI Aquaponic System

Base addition iEFﬂuent line Hydroponic tanks
Reating s g
/\
e
h . OO
U e
St -
Clarifier T—R i
Filter tanks UL
B4
%77 F’E A%T, 8M3
AV R AT = — 2

Graphic: UVI Aquaculture Pro






1.princ of aquaponics - by Dr. James Rakocy
rate ratio for design calculations

Keep feed 1iput relatively constant

Supplement calcium, potassium and 1ron

Ensure good aeration

Remove solids

Use a fe

Be careful with aggregates 4 -
Oversize pipes - —
Use biological control e

Ensure adequate biofiltration
Control pH



Table 2. Preliminary production and economic data from the UVl aquaponic system at the Crop
Diversification Center South, Alberta, Canada.' (Data courtesy of Dr. Nick Savidov)

Annual production Wholesale price Total value

Crop IbAt?  |tons/2690 fi’ Unit $ S/t $/2690 ft?
Tomatoes 6.0 8.1 151b 17.28 6.90 18,542
Cucumbers 124 16.7 221b 1.58 8.90 23,946
Eggplant 2.3 3.1 111b 25.78 9.33 14,362
Genovese basil 6.2 8.2 30z 5.59 186.64 502,044
Lemon basil 2.7 3.6 3 0z 6.31 90.79 244 222
Osmin basil 14 1.9 3 0z 7.03 53.23 143,208
Cilantro 3.8 5.1 3 0z 7.74 158.35 425,959
Parsley 4.7 6.3 3 0z 8.46 213.81 575,162
Portulaca 3.5 4.7 3 0z 9.17 174.20 468,618

'Ecomonic data based on Calgary wholesale market prices for the week ending July 4, 2003.

Table 6. Comparison of basil yield, mean plant weight. survival and gross income with
three production methods.

Production  Annual  Annual Mean Survival Income Income
Method Yield Yield Plant (%) (US$ (US$/214
(kg/m?) (kg 214 Weight m?/yr) m?/yr)
m” /yr) (g)
Batch 25.0 5.341 286.5 84.7 550 117.700
Staggered 234 5.008 2447 - 515 110,210
Field 7.8 1.669 104.4 100 172 36.808
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Figure 2 (above): Aquaponic test system, showing

lquaponic units consisting of fish tanks (below) and

hvdroponic gravel beds containing voung lettuce
seedlings (above).
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Table 2

Murray Cod wet weight gain, specific growth rate (SGR), food conversion ratio (FCR) and food Consumption,
lettuce mean biomass gain and mean yield (g plant’ & kg m™); mean net phosphate and nitrate concentrations,
mean weights and removal rates for Control, Gravel, Floating and NFT freafments.

Parameter

Control Gravel

Flﬂaﬁng

NFT

Fish

Wet Weight! (g/rep.)
SGR! (% /rep./day)
FCR!

Feed Fed (g/rep.)

effuce

Biomass Gain’ (g/rep.)

Yield! (g plant™)!

Phosphate (g/rep.) ¥
Nitrate (g/rep.) ”
Phosphate removal (%0) ¥
Nitrate removal (%) ¥

206.7*+ 13.3
0.89" + 0.06
1.07* £ 0.07

220.0

220.0* £ 16.1

0.90" + 0.05

1.01* + 0.08
220.0

2639.4% + 28.0
131.97° + 6.46
5.055+0.25

%]
b
o

o

[

n oo Y
SNy |

o

O

e
[
I'ﬂ =

Lh 2 o0

o

Values are means £ 5.E

266.7" £ 29.6
1.13* +0.13
0.85*+ 0.10

220.0

2338.1™+ 14.5
116.91™+ 324
447"+ 0.12

3.47°+0.94

2.60°+ 1.84
0.51
0.39
36.3

03.2

&, m, n: values showing the same letter are not significantly different (P=0.03, n=60) {(Anova)

a, b, ¢ values showing the same lefter are not significantly different (P=0.03, n=3) (Mann-Whiiney)
¥: values are calculated from mean final nufrient concentration per unit volume af fest system replicate

SGR: specific erowth rate (% day™'): [(In final wi — In initial wt )/(time (days)Jx100
FCR: food conversion ratio: feed fed/fwef weight gain)

250.0° £ 25.2
1.09 +0.10

0.90% + 0.08
220.0

2159.0"+ 9.8
107.95% +2.20
4.13" + 0.08

391°+0.37

15.70° + 2.57
0.40
1.62
50.3
71.8
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Table 1 Summanry of the Farms

Farm A¥ Farm B Farm C

Location Waianae, Oahu Kuma, Oahu Mililani. Oahu
e ﬂcemaﬁ g {E.q ﬂ) T 286{}0
i pr::-du::tmn ::apamt} R e e e e e e e et e e e e
(fish tank volume combined) (gal) 15.000 6000 75.000
e
Types of vegetables Lettuce Lettuce Cucumbers, Beets
T11ap11EmnegeTllaplaEhmeae
Types of fish Tilapia Catfish Catfish

* Farm A annual sales volumes are based on the expected production volume.

lbs) 183,209 62,400 66,221

Ammal aqlea 1. ::nlume-

(fish, 1bs) 1,252 0 15,643




Table 7 Operational Cost

Lettuce

Fish

Total

Labor

20924

i 35}{]
=y 265

57%
e

A

1,918

14% 48%

24%, 239,

s 41555%

Seed and seed bed

.“Feed

e
m‘via-::hmen and E-qmpment fuel cost

" Land rental cost

1,122

Y 209

1_?"1"

2%

e
YA

. e ———— 12(}9 7
5%

4%511

0% i 1.122 2%
D%BIEE o
T T

Total

52.406

100%

13,777

100% 66,183 100%

Table 10 Annual Producrion and Sales Income

’ I- q_-

Lettuce

Tilapia

Price

Annual sales income

2.15

35820
T 77,012

USD per lb

5.00 USD per b
PO

'“"i""'““""““""““""““""'““'"'““'
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Figure 2 Net Income and Net Cash Flow
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Figure 3 MIER Sensitivity to Parameter Values
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Table 7.

Enterprise budgets for three model aquaponic farms with 6. 12 or 24 tilapia and lettuce

production umts, and necessary mfrastructure to support fingerling production. lettuce seedling
production. water storage. land costs and general overhead.

WValue or Cost

WValue or Cost

WValue or Cost per

per 6 units per 12 units 24 wts
($) ($) (%)

Revenue

Fish 102.334 204.668 409,336

Lettuce 218.400 436.800 873.600
Total Revenus 320.734 641.468 1.282.936
Wariable Cost

Fish 138.096 233.692 452,384

Lettuce 118.321 209143 418.286
Total VC 256.417 442,835 870.670
Income Above VC 64.317 198.633 412.267
Fixed Cost

Fish 11.380 22.760 45,520

Lettuce 10,977 21.953 43,907
Total FC 22.357 44.714 89.427
Total VC and FC Costs 278.774 487.548 060.097
Net Returmns 41.960 153.920 322.840
Other Costs 11.199 22.400 44.801
Total of All Costs 280,973 509.949 1.004.898
Returns to Rask 30.761 131.519 278.038
Farm size & 12 24
NPV (20%0) $(127.655) $(60.208) $116.508
IRR 11.1%% 17.9% 21.7%
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Methods for hydroponic plant producton.

Hydroponic method( =)

Percent of respondents
[n = 186)

Raft, media bed

Raft

Media bed

Raft, media bed, NFT*

Raft, media bed, MFT, vertical tower
Raft, media bed, vertical tower
Raft, MFT

Media bed, vertical tower

Vertical tonwrer

Raft, media bed, NFT, vertical toweer, wicking bed

Other combinations of methods®

26
14
13
10
o
B
3
3
3
2
10

* NFT = nutnent Alm technmigue; a ine mist of water is sprayed or dripped onto plant
roots In a4 honzontal gutter or tray design Smilar to verbcal towers except horzontal
" Thirteen other combinations of plant production methods were each performed by

b or bewwer respondents.

= Data from respondents who sold aguaponical y-raised plants or hsh



Weizht of commeraal fsh and plant harvests in the previous 12 months.

Amount (kg Percent of espondents’
Fish harvest ([m = 185] Flant harvest [n = 184

0 24 2
0.45-22 19 14
2345 12 15
46-226 15 21
227453 14 16
453-2 268 & 18
2269-4536 2 4
4537-22579 5" 7
22 BEQ-45 359 - 2
=45 360 - 2

* Originally in the survey categories were reported in units of pounds, and weme later

converted into kilogams.
Y These fish harvests were reported in the survey as =4537 ke
* Data from respondents who sold aguaponically-raised plants or hsh.
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A) B) L) D)

Was an aquaponics-related job Was the aquaponics portion Will the aquaponics portion Will the aquaponics portion
YOUT primary source of income of your business profitable in of yvou business be profitable  of vou business be profitable
in the previous 12 months? the previous 12 months? in the next 12 months? in the next 36 months?
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Fig. 2. Respondents views on A ) agquaponics-related income, B profit inthe previous 12 months, and projections for C) profit the next 12 months and D) 36 months.
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[ ™o profitable in previous 12 months (n = 136)
I Frofitable in previous 12 months (n = 72)
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Fig. 3. Gross sales revenue in the previows 12 months by A) the number of respondents among three groups, and B) the relabive response rates among three grou ps. Gross sales revenue
wias compared to ) respondent self-reported profitability in the previous 12 months.



A) [C] Sold only materials or service (n = 69) B) [ Sold only materials or service (n = 69)
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I Sold both (n = 92)
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Bl Sold both (n = 92)
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Fig. 4 Investments in the previous 12 months by A) the number of respondents among three groups and B) the relative response rates among three groups. Investments were compared
to C) respondent self-reported profitability in the previous 12 months.
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Aquaculture expert helps build one of the world's biggest fish farms in

Middle East

NSW Country Hour By Laurissa Smith

&Print || & Email || B3 Facebhook | TWeet & More

Posted 17 Mar 2015, 10:32am
There is sand as far as the eye can see and daily
temperatures soar to about 50 degrees.

On the face of it, is is probably not the ideal spot to
establish a fish and vegetable farm.

But this is the United Arab Emirates, a country
where water is scare and so is locally grown food.

Some developers are frying to change that.

Over the years various companies have come up
with ways to breed fish and use their waste water as
fertiliser on vegetable crops.

In late 2013 aquaponics consultant Paul Van der
Werf, from Queensland's Earthan Group, was
invited to the UAE to build one of the world's biggest
aquaponics systems.

The farm, now completed, consists of a 4,500
square metre shed which produces around 40
tonnes of tilapia.

NSW Country Hour

+ Policy issues on the table at
farmers' conference

+ Hesitation when it comes to .
applying for carbon farming funding

+ Blizzard conditions continue across
NSW, with snowfalls on farms and
many roads clesed

23

N « Agribusiness victims seek justice
\ eight years on from tax scheme
R collapse
- + Coalition denies split over Shenhua
approval

National
Rural News
n Join us on Facebook
PHOTO: Aguaponics consultant Paul Van der Werfin front u Follow us on Twitter
of a poly greenhouse in the United Arab Emirates

(Paul Van der Werf)

MAP: Grifiith 2650 ©  Subscribe

| Newsletzer J Podcasis Jf s

| 2 @ <)

AUDIO: Paul Van der Werf speaks about a large-scale
aguaponics farm in the United Arab Emirates (ABC Rural)

.  Tha éacilin, ;ﬁ':l—.-,:rnno;nn ~ hrandina neagram for juvenile barramundi.
www.abc.net.au/news/rural/laurissa-smith/4579364
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P(% | K(%) | Ca(%) | Mg(%)

0.24 | 0. 1.22 | 0.36

0.19 | 1.1 | 0.79 | 0.22

0.24 | 7.9 | 1.26 | 0.47

0.29 | 8.5 | 1.19 | 0.44
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Mo BE, ®) | PC%) | K% Ca(%) | Mg(%)
5@ (873 020 ] 0.9 | 1.72 | 0.51
2.% 384 13.98] 0.26 | 2.0 | 1.88 | 0.54
583214610 0.40 | 6.9 | 1.32 | 0.3L
7 #4322/5.13( 0.38 | 7.23 | 1.07-/.0:35
4 #48323(5.32( 0.41 | 10.02 [~0:90 | 0.30
4 B8324(4.96] 0.37 | 7.22 | 1.05 | 0.34
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N

100% 2.8%0. 8 3.2+0.4 1.3+0.2 1.8+0.02 3. 2+0. 62
15 3. 00. 7 3.1+0.0 1.1£0.23 1.640.44 2. 8+0. 06
o0 2.4%1. 2 2.8+0.7 0.540.16 1.1x0.03 1.240.13

2.441.1 2.2+0.7 0.410.07 1.0x0.23 0.9+0. 26
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Table 3, Comparison of pH and mutrient coneentrations i hydroponic and aquaponie solution for different plant spectes, all nutrients reported inmg L™

Plant Species Swtem  pH (G Mg N K TAN NON POP SO O R My G In B Mo Sauree
| Somneveld and
Lettuce (Lactuca sativa) ~ Hydropome 362 180 M 40 18 % 8 3 203 005 03 03 003
Voogt, 2009 [69]
Lettuce (Lactuca sativ)) ~ Hydropome 0 30 50490 10 % 0 66 623 3 05 015 015 03 005 Resh N12[]
. Al-Hafedh et al
Lettuce (Lactuca safva) ~ Aquapome & 4 ] 10
(08 [10]
Pantanella et al,
Lettuce (Lactuca saiiva) ~ Aquapomic B 4 17 106 L/
0207
Basil (cimum bastlicum Rakocyetal,
Auapone T4 1D 7 10 4 g 2508 005 04 019 00
‘Genovese') 00414
Water spmach )
Aqapme 3673 N1 Endut etal. 2010 31]
(Ipomosn aquatica)
NH4 Sommeveld and
gy H3E | Ca(me/l) | Mg(mg/l) K(mg/1) P(mg/1) Fe(mg/1)
Voogt, 2009 [69]

1/8 38.00 15.4 12.5 0.154 0.14

2/16 16.38 7.00 37.50 0.6 2.1 12.50 0.23 0.09 Roosta and
e -
3/16 12.6 21.2 22.5 0 1.2 18.3 0.09 0.05 Hemidpour, 2011 3]

Rakocy etal,

Obra (dbelmoschs evculennus) — Aquapome 71 24 6 M & 1% % 15 6 12 13 006 003 0M 00 Q0 W
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LB B R A 472 %

P N%) | P(%) | K(%) | CaCh) | Mg(%)

2708 3.46 | 0.16 | 6.1 | 0.87 | 0.22
Fe R Toe3.25 | 0.18 | 5.8 | 1.05 | 0.24
A4 A5 I8 1 0.16 | 5.9 | 0.94 | 0.22
EA1FE | 4.24 | 0.21 | 8.3 | 1.10 | 0.23
SR 4.96 | 0.24 | 7.9 | 1.26 | 0.47
22| 4.48 | 0.29 | 8.5 | 1.19 |0. 44
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